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Double perovskite Bi2FeCrO6, related with BiFeO3, is very interesting because strong ferroelec-
tricity and high magnetic Curie temperature beyond room temperature are observed in it. However,
existing density-functional-theory (DFT) studies, using pseudo-potentials, produce metallic ground
state under the local density approximation (LDA) and need LDA+U method to yield needed non-
metallic ground state, resulting in low magnetic Curie temperature (below 130 K). Here, we optimize
its crystal structure and then investigate its electronic structure and magnetic and optical proper-
ties by combining the full-potential augmented plane wave method with Monte Carlo simulation.
Our optimized structure is a robust ferrimagnetic semiconductor. This nonmetallic phase is formed
due to crystal field splitting and spin exchange splitting, in contrast to Mott-Hubbard states in
previous DFT studies. Spin exchange constants and optical properties are calculated. Our ab initio
magnetic Curie temperature is 450 K, much higher than previous DFT-based value and consistent
with experimental results. Our study and analysis reveals that the main magnetic mechanism is an
antiferromagnetic superexchange between Fe and Cr over the intermediate O atom. These results
are useful to understanding such perovskite materials and exploring their potential applications.
PACS numbers: 75.50.-y, 71.20.-b, 75.10.-b, 85.75.-d
I. INTRODUCTION
Magnetic materials keeping high spin polarization at
room temperature or higher are highly desirable for spin-
tronic applications1,2. Half-metallic materials3 and fer-
romagnetic (or ferrimagnetic) semiconductors are inten-
sively studied for this purpose. Up to 96% spin polar-
ization has been achieved experimentally in the cases of
(La,Sr)MnO3 and CrO2 materials
2,4. Since 1998, double
perovskite oxides have been extensively explored. Both
half-metals and semiconductors with macroscopic mag-
netization beyond room temperature have been found in
such materials5–9. High quality samples of semiconductor
technology standard have been achieved for some of these
compounds10. Furthermore, it has been established that
ferroelectricity and magnetism can coexist above room
temperature in BiFeO3 materials
11–13. These stimulate
world-wide interest in exploring multiferroic materials for
novel devices11–14.
Double perovskite Bi2FeCrO6 can be constructed from
BiFeO3, and is first predicted to have both ferroelectric-
ity and ferrimagnetism, with theoretical electric polariza-
tion 80 µC/cm2 and magnetic Curie temperature below
130 K15,16. Unfortunately, the Mott-Hubbard ground
state excludes higher Curie temperature in such theo-
retical studies. Subsequently, the Bi2FeCrO6 is synthe-
sized successfully by several groups, and experimental
measurements on good samples reveal electric polariza-
tion up to 60 µC/cm2 and magnetic Curie temperature
well above room temperature17–23. The best experimen-
tal Curie temperatures are much higher than the first-
principles predicted one, while the electric polarization
is consistent between theory and experiment. Reason-
able explanation of this contradiction is highly desirable
to understanding the basic physics of such materials and
exploring their applications.
In this paper, we combine a full-potential density-
functional-theory (DFT) method with Monte Carlo sim-
ulation to investigate double perovskite Bi2FeCrO6, with
emphasis on its electronic structure and magnetic Curie
temperature. We shall first optimize its structure with
GGA and then study its electronic structure. We
shall show that the resultant ferrimagnetic semiconduc-
tor phase is robust against both change of exchange-
correlation potential and variation of structural parame-
ters. Furthermore, we shall calculate spin exchange con-
stants and thereby determine the magnetic Curie tem-
perature. Our ab initio magnetic Curie temperature is
450 K, much higher than previous DFT-based value but
consistent with experimental results. In addition, we
shall present calculated optical properties. The magnetic
mechanism is understood in terms of the electronic prop-
erties. More detailed results will be presented in the fol-
lowing.
The rest of this paper will be organized as follows. In
the next section, we shall describe our computational de-
tails. In the third section we shall describe first-principles
structural optimization and present our optimized re-
sults. In the fourth section we shall present main first-
principles electronic structures. In the fifth section we
shall present first-principles magnetic calculations and re-
sulting Curie temperature. In the sixth section we shall
present first-principles optical properties. In the seventh
section we shall make some necessary discussions. Fi-
nally, we shall give our conclusion in the eighth section.
